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Studies have shown that haemorrhagic shock without significant tissue trauma induces profound immunosupression which is associated with elevated plasma levels of TNF-a IL-1, IL-6 as weU as TGF-p. Furthermore, Kupffer ceUs but not the splenic M<jl isolated from post heemorrhaged animals showed an increased capacity to release inOammetory cytokines in response to LPS stimulation in vitro. However, it remains unknown whether the innate (i.e. in the absence of LPS stimulation) cytokine genes expression· in Kupffer ceUs end splenic M<jl is affected hy haemorrhage. To determine this, C3H/HeN male mice were bled to end main tained at a mean arterial blood pressure of 35 mmHg for 60 min, and then adequately resuscitated. Splenic macrophages end Kuplfer cells were isolated at 1 h after haemorrhage.
Total RNA was extracted and cytokine mRNA was detected by semi-quantitative rever!ie transcription end polymerase chain reaction (RT-PCR). The results demonstnite that haem orrhage significantly elevated the mRNA accumulation ofTNF-a, IL-tp, TGF·P while IL-6 gene expression in Kupffer cells end splenic M<I> was only slightly increased. Since Kuplfer cells but not the splenic M<t> showed increased cytokine release, it could be concluded that the differential regulation of cytokine release by these two macrophage populations foUowing haemorrhage may be due lo the divergence of the cytokine at the translational level. This difference between splenic M<ji and Kupffcr cells might due lo the different cellular composi tion, anatomical location and physiologital environment in which these two fixed tissue macrophage populations reside.
Macrophage-derived mediators such as TNF-a, IL-6, IL-I and TGF-P are known to play a pleiotropic role in coordinating immune and inflammatory response and are pivotal signals for cellular differentiation and proliferation.'' TNF-a has been recognized as a key agent involved in the elaboration of a cascade of other innammatory mediators.'·' The roles of IL-I and IL-6 arc also well established in inflammatory, metabolic, hematopoictic and immunologic processes.'·'·' TGF-�.
an important cytokinc involved in tissue repair, also has been reported to affect cells involved in immunity and innammation.'·' It is thought that TGF-� not only acts as a chemoattractant but can also have either immune enhancing or immune suppressing effects, de pending upon the conditions."" Previous studies from our laboratory have shown that simple haemorrhage without significant tissue trauma induces profound immunosuppression which was associated with an elevated plasma level of inflammatory cytokines, TN F a, JL-6, TGF-p, and increased release of cytokines by Kupffer cells in response to LPS stimulation in vitro. [12] [13] [14] [15] Moreover, it was found that although both splenic M41> 
RESULTS

Cytokine gene expression in splenic M<f>following haemorrhage
The results presented in Figure 1 show that TNF-a mRNA accumulation in splenic M<I> was significantly enhanced at 1 h after haemorrhage. Compared to sham, the mRNA level for TNF-a was elevated 1.55-fold in splenic M<j> from haemorrhaged mice. It was also found that haemorrhage resulted in a marked increase in transcript for IL-1 p mRNA. The extent of increase was approximately 185% in splenic M<j> (Fig. 2) . No detect able IL-la mRNA was found in splenic M<j> (data not shown). In addition, the results revealed that at 1 h after haemorrhage, mRNA transcripts of IL-6 and TGF p were also increased in splenic macrophages. The increase in TGF-P gene expression (144%) in splenic Mel> following haemorrhage was statistically significant compared with sham ( Fig. 3) . However, the haemor rhage-induced increase of IL-6 mRNA accumulation in splcnic M<I> was not statistically different when com pared with sham (Fig. 4) .
Cytokine gene expression in Kupffer cells following haemorrhage
At 1 h after haemorrhage, cytokine mRNA accu mulation was increased in Kupffer cells. It was ob served that the mRNA for TNF-a, IL-IP as well as TGF-P was significantly augmented and showed 200%, 225% and 176% increase following haemorrhage, re spectively (Figs 1-3 ). IL-6 gene expression following haemorrhage was also enhanced in Kupffer cells but statistically was not different than sham (Fig. 4) . IL-l a mRNA was not detectable in Kupffer cells (data not shown). We found that cytokine mRNA accumulation following haemorrhage was more predominant in Kupffer cells than splenic M<jl. The difference in cytokine mRNA accumulation in these two cell populations was, however. not significant with the ex ception of TGF-P (Fig. 5) . cells which showed an enhanced capacity to release inflammatory cytokines in vitro in response to LPS stimulation.15 · 17· 25 These data suggest that differential regulation of cytokine production/release may exist in Kupffer cells and splenie M<j> following haemorrhage.
In the present study, we determined the alterna tions in innate cytokine mRNA levels (in the absence of LPS stimulation) in Kupffer cells and splenic macrophages following haemorrhage. The results indi cate that at 1 h following haemorrhage, gene expres sion of TNF-a, IL-1�, IL-6 and TGF-� in splenic macrophages and Kupffcr cells was differentially in creased. However, IL-la mRNA was not detectable in these two macrophage populations. Studies have shown that IL-la and IL-I� arc products of distinct genes which arc often differentially expressed depending on the type of cells, the state of proliferation, tissue distri bution or even the time in culture.26 Our result demon- 
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Kupffer cell� strated that under the present experimental conditions, splenic M<j> and Kupffer cells mainly express IL-lP mRNA but not IL-l a.
Although there was a trend towards increased cytokine gene expression in Kupffcr cells from haem orrhaged mice which was consistently higher than that in splenic M<j>, the difference between the two M<j> populations was not statistically significant. Additional evidence of differential control of cytokine gene ex pression was also seen in these two cell populations. For instance, it was found that while mRNA accumula tion of TNF-a, IL-1� and TGF-� in splenic M<j> and Kupffer cells was significantly increased post-haemor rhage, mRNA levels of IL-6 were only slightly en hanced. The mechanism responsible for this phenom enon is not clear. However, differences in the kinetics of mRNA synthesis of different cytokines do not ac count for this phenomenon. This suggestion is based on information obtained from studies dealing with the sequential kinetics of cytokine m RNA transcription by M<I> in response to LPS stimulation or cytokine release into blood following the administration of endotoxin. Such studies have shown that TNF-a was produced first, followed by lL-6 and IL-I lagging behind IL-6 . 2 728 We therefore hypothesize that haemorrhage produces different effects on several cytokine mRNA expres sions in macrophages. However, the precise mecha nism of this differential effect still remains unknown. The finding that cytokine gene expression in splenic macrophages is enhanced following haemorrhage may appear at odds with our previous results which showed that LPS-induced cytokine release following haemor rhage was nol similarly increased in those ccllsY · 17 In this regard, recent studies demonstrated that the in creased cytokinc gene expression does not always trans late into an increase in secreted cytokine.2�·30 A second signal or more intense stimulation may be required to induce secretion of the cytokine. We would propose that cytokine gene expression and cytokine production! secretion are differentially regulated in splenic M<)> and Kupffer cells following haemorrhage and this discrep ancy seems to occur at the translational level. Along these lines, there is growing evidence that various macrophage populations display marked heterogeneity in many of their functional aspects.3 1 37 For instance, murine Kupffer cells were found to produce endog enous interferon ctl� which was not observed with other tissue macrophages. '6 Kupffer cells showed several times more enhanced cytotoxic potential to destroy microbial products than PM<)>." We propose that the data pre sented here, in light of our previous findings, 1 " · 17 · '8 further supports the hypothesis that differences in cel lular composition, anatomical localion and physiologi cal environment contributes to the diff crcnces in Kupffer cell cytokine release seen following haemorrhage, as compared with splenic M<)>. In summary. by using RT-PCR, it was possible to detect the alterations of cytokine mRNA in macrophages examined following haemorrhage ex vivo w1thout LPS stimulation. We report that cytokine gene transcription in splenic macrophages and Kupffer cells is upregulatcd as early as one hour following haemorrhage. However, the extent of increase among various cytokine mRNA differs, suggesting that haemorrhage produces differen tial effects on cytokine mRNA transcription.
MATERIALS AND METHODS
Reagents
All reagents for RT-PCR were purchased from Perkin Elmer (Roche Molecular Systems. Inc .. Branchburg. NJ). Primers and PCR MlMICs (com petitive internal standard) for mouse IL-la, lL-1�.
IL-6, TGF-J3 and TNF-a were obtained from Clontech Laboratories, Inc. (Palo Alto, CA).
Animals
Inbred C3H/HeN male mice (Charles River Labs., Portage, MI). 6-8 weeks old (weighing 20-25 grams), were fasted 18 h before the experiment, but allowed water ad libitum. The studies performed here were carried out in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals and were approved by the All-University Com mittee on Animal Use and Care.
Haemorrhage model
Haemorrhage was induced by the method described in detail by Stephan et al-" Briefly, following light inhalation anaesthesia with methoxyflurane, both femo ral arteries were cannulatcd under aseptic conditions. One catheter was used for constant blood pressure (BP) monitoring and the other for haemorrhage and resuscitation. Heparin (2 U/mice) was administered and the mice were allowed to recover from anaesthesia following which they were bled rapidly to a mean BP of 35 mmHg within 10 min. An average blood volume of 0.75 :+: 0.05 ml was removed to achieve a mean BP of 35 mmHg. The BP prior to the onset of haemor rhage was 94.5 ± 8.3. The mice were maintained at a BP of 35 mmHg for 60 min and then adequately resuscitated with their own shed blood and Ringer's lactate solution (2 times the volume of the shed blood). Blood pressure following resuscitation was 98.3 :+: 2.5 mmHg. There was no mortality with this model. Sham animals underwent the same anaesthetic and surgical procedures which included ligation of both femoral arteries and heparinization, but haemorrhage was not produced.
Preparation of splenic macrophages
Mice were sacrificed at I h after haemorrhage or sham operation. Splenic macrophage cultures were es tablished as previously described by Ayala et a/.1 5 Briefly, the spleen was aseptically removed and placed in a plastic Petri dish containing cold PBS, followed by gently grinding between frosted slides. The cell sus pension was centrifuged at 280 X g for 15 min at 4°C. The pellet was resuspended and the erythrocytes were lysed by hypotonic shock. Cells were washed once (280 x g, 15 min, 4"C); the pellet was dispersed and viability was determined by Trypan Blue exclusion. The splenocytes were adjusted at a final concentration of I x 107/ml in Dulbecco's Modified Eagle Medium (DMEM), and 5 x 107 splcnocytes were plated in a 60 mm petri dish. After 2 hat 37°C in a 5% C0 2 atmos-CYTOKINE. Vol. 7. No. I (January 1995: [8] [9] [10] [11] [12] [13] [14] phere, non-adherent and non-viable cells were removed by three repeated washings. No difference in cell yields and viability was observed between sham-operated and haemorrhaged animals.
Isolation of Kupffer cells
Kupffer cells were harvested at 1 h after haemor rhage and sham operation. Briefly, the peritoneal cav ity was opened aseptically, the portal vein exposed and catheterized with a 25-gauge winged infusion set (Teruno Med. Corp., Elkton, MD), and the vena cava was nicked. The liver was initially perfused with 20 ml of ice cold HBSS without Ca 2 + /Mg 2 +, followed by 10 ml of 0.05% collagenase class IV (Worthington Biochem. Corp., Freehold, NJ) in HBSS without Ca2+/Mg2+ prewarmed at 37°C. The liver was removed and trans ferred to the petri dish containing 0.05 % collagenase class IV in HBSS without Ca2+/Mg2+. After dissocia tion, the freed cells were filtered through a sterile 150 mesh stainless steel screen into a 150 ml beaker con taining 20 ml of HBSS and 20 ml of DMEM with 10% fetal calf serum (FCS; Biologos Inc., Naperville, IL). The cell suspension was centrifuged at 400 X g for 15 min at 4°C. The pellet was resuspended in DMEM and layered over 16% Metrizamide (Accurate Chem. Corp., Westbury, NY) in HBSS and centrifuged at 1200 X g for 45 min at 4°C. The non-parenchymal cell fraction was collected and washed with DMEM twice by centrifugation at 400 x g, 4°C for 10 min. Cells were plated in a 35 mm petri dish at a cell density of 2 x 106/ ml. After 3 h at 37°C in a 5 % C0 2 atmosphere, nonadherent cells were removed by gentle washing with DMEM, three times. No difference in cell yields or viability was observed between sham-operated and haemorrhaged animals. Previous studies in our labora tory demonstrated that this protocol provides adher ent cells which were greater than 96.2 :+: 1.2% positive by non-specific esterase staining and exhibited typical macrophage morphology.
RNA extraction
Total RNA was extracted from splenic M<j> and Kupffer cells by a modification of the methods of Chirgwin et al. 40 and Jonas et al. 41 Briefly, macrophage monolayers were lysed with a solution of 25 mM Tris containing 4.2 M guanidinc isothiocyanatc, 0.5 % Sarkosyl and 0.1 M 2-mercaptoethanol, followed by extraction with phenol/chloroform and chloroform/ isoamyl alcohol. The extracted RNA was precipitated in alcohol and the pellet was dissolved in TE buffer (Tris 10 mM/EDTA 0.1 mM). RNA concentration and purification were determined by measuring the ab sorbance at 260 and 280 nm. 2 µg of RNA was reverse transcribed in a 20 µl reaction volume containing IX RT buffer (50 mM KCI, 10 mM Tris-HCI), 5 mM MgCI , , lmM dNTP, 20 U RNase inhibitor, 2.5 mM oligo d(T) 16 primer and 50 U reverse transcriptase. The RT reaction was incubated at 42°C for I h, followed by heating at 99°C for 5 min. Five percent of cDNA was amplified with 0.15 µM each of 3' and 5' primers, specific for mouse TNF-a, IL-Ia, IL-I�, IL-6 and TGF-� in the presence of IO 'or 10-' attomole competitive internal standard (PCR MIMIC) in 25 µI of PCR mixture containing IX buffer (50 mM KCI, 10 mM Tris-HCI), 2 mM MgC1 2 , 0.2 mM dNTP, and 0.7 U AmpliTaq DNA polymerase. PCR was carried out in a Perkin-Elmer/Centus ther mal cycler 9600 (Perkin-Elmer Corporation, Norwalk, CT). PCR mixture was heated at 95°C for 2 min, followed by 35 cycles, each consisting of 45 sec at 94°C, 45 sec at 60°C and 2 min at 72°C incubations. The proper concentration of PCR MIMIC for each cytokine was established in preliminary studies (data not shown) so that the target gene transcripts could be analysed accurately and quantitatively. For the present experiment, 10-3 attomole of PCR MIMIC specific for IL-I�, TNF-a and IL-6 was appropriate to add to the PCR reaction. Alternatively, an amount of 10-5 attomole was chosen to quantitate TGF-� mRNA ex pression.
Detection of PCR products
Following RT-PCR, 7 µI of the reaction mixture (about 30% of the volume) was electrophoresed in 1.8% TBE-agarose gel containing 0.5 mg/µ! ethidium bromide. The gel was then documented on polaroid film. The amount of PCR products generated by the target and competitive internal standard were meas ured by Mocha Image System (Jandel Scientific, San Rafael. CA): the ratio of target to internal standard was calculated. The densitometric difference in the ratio between haemorrhage and sham represented the amount of change in mRNA level. The result of a typical experiment, repeated not less than three times. is presented here.
STATISTICS
A total of 18 mice were used in the haemorrhage and sham groups. Data are presented as mean :': stand ard error of the mean (SEM). Unpaired Student's !-test was used and values were considered significant if p"" 0.05.
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